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Project Goals

« Establish a working facility that will enable user-friendly application
of the unique FEL properties for investigations in laser

microengineering science and laser material processing technology
development.

« Effort delineated into two segments.
— Build
 an engineering model and process development station at The Aerospace
Corporation - called Aerospace-Engineering Model (A-EM)

 a working model at the Jefferson FEL - called JLAB-working Model
(JLAB-WM)

— Operate

» transition newly developed laser processes and techniques,

 conducting fundamental investigations in laser material interaction
phenomenon,

* assisting/guiding new users.
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Examples of laser microengineering possible

Multi-color direct-write microfabrication

Volumetric exposure, multi-photon exposure processing
Percussion machining, ablative machining

Polishing

Chemical vapor deposition (with special cell)
Crystallization

Micro-fusing

Surface texturing

Investigations: Laser material interaction phenomena
Mass & optical spectroscopy of desorption and ablation
Mass removal rate measurement

Pump-probe physics

Multiple pulse - rep-pulse physics

Small Scale Pulsed Laser Dep0s1t10n (PLD)
@lcoxroration




System Attributes

A laser beam delivery system for processing in the UV and IR.
Automated sequencing of tool changes (e.g. color, objective).

User selects from three focusing objectives.

A coordinated three-axis motion system, XY motion range of 100mm.
An optical table with integrated vibration isolation capability.

An automated means for laser power and repetition rate control.

A vision system for process control.

A means for the User to measure the laser spot size & intensity
distribution.

CAD software for solid modeling of patterns.

CAM software for generating 3 axes tool-path.

Software for visual verification of the tool-path geometry.

Software for converting the tool-path geometry into motion language.
A generic scheme for mounting user supplied sample holders.

An enclosure that can be interlocked with JLAB FEL safety systems.
Additional laser beam delivery lines & stations for other experiments.
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Designing for Vibration Control

Motion System is the Primary
“Vibration” Noise Source

Approach

Apply a Multi-tiered Solution to Vibration Control
Apply FEM Methods to Articulate Geometries that
Enhance Stiffness




Recommended by Aerotech to use
solid granite table and solid granite
“bridge/superstructure” for z-drive
mounting

- All tapped-hole locations pre-
specified

- Very heavy

- Claimed granite was ideal for
stiffness

- Granite has same specific
stiffness as steel

- Geometry has strong affect on
stiffness

Weight 12,000 Ibs
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Worst Case Relative Motion Value (RM) Static Deflection (SD)
RM = 2g(1/327*)12 (Q/?)? (PSD)!? T SD = (PL3/24EbTH?) +(PL/4GHb)

For Q =1, f=160 Hz, PSD* = 10~ ¢/Hz, T=0.01 For P =1000 Ibs, L=52", b=60"
and H =12”, T=0.1875",

E =29x106 psi, G = 2.25x105 psi
RM = 10nm peb P

_ _ L S SD ~3.2x 104” (8 um)
* PSD value is 10* times the PSD vibration found in a light
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Isolation System Design
Multi-tiered Approach

1. Pneumatic 1solation (a)

2. + Elastomeric isolation (b)

3. + Magnetic-active 1solation (¢)

Working isolation system with
enhanced rigidity

Henry.Helvajian@aero.org

 FEM of table top: Static detlections

Vertical deflection due to horizontal load

Applied Force Deflection
100 N 0.084 microns
200 N 0.17 microns
1100 N 0.92 microns
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Measure Aerospace Lab Floor Noise
for baseline
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The SuperStructure




Legs 8” square

1209.08 Ibm li’%
Modes: 1 49.77 Hz -
2 110.55 Hz
3 129.42 Hz [

Legs 4” OD, 1/8"wall eo—

324.65 Ibm Egﬁ
Modes: 1 64.95 Hz Ef’:
2 64.95 Hz
3 96.65 Hz

- 2> wall: 645 Ib, 73 Hz

Legs 4” square, 1/8"wall

317.42 Ibm

Modes: 1 84.03 Hz
2 84.03 Hz

3 127.28 Hz
- %" wall: 630 Ib, 101 Hz




First Design of Support Structure

‘ b
/]

Evolved Design
M

1107.23* Ibm, Alloy Steel
Mode 1: 100.66 Hz
Mode 2: 100.84 Hz
Mode 3: 137.12 Hz

*No Breadboard or vertical-mounted mass




Alternative Design 1 “Tripod”




Tripod Initial Results

Legs 3” OD, 1/8” thick
506.32 Ibm (includes breadboards)
Modes: 1 57.157 Hz

2 57.919 Hz
3 117.13 Hz
4 180.74 Hz
3 204.47 Hz




4” OD legs, 1/16” thick

Requires shell elements, switch
from CosmosWorks to NASTRAN
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Shell mesh quadrilateral elements %ﬁ

Elastic elements for welds

Ideas preprocessor/mesher
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Tripod Analysis and Results
NASTRAN (MSC) solver

Ideas postprocessor/viewer

200 Ibm point mass at CG of
breadboard

*Rigid elements constraints to
mounting plate

*40 Ibm breadboard + 15 lbm z-

shomes/jcjaisideas_files/misc/tripod.mfl
RESULTS: 1- B.C. 1.MORMAL_MODE 1.DISPLACEMENT_1

MODE: 1 FREQ: 40.01566

DISPLACEMENT - MAG MIN: 0,00E+00 MAX: 4,90E+00

DEFORMATION: 1- B.C, 1.MORMAL_MODE 1.DISPLACEMENT_1

MODE; 1 FREQ: 40,01566
DISPLACEMENT - MAG MIH: O,00E+00 MAx: 4.30E+00 VALUE DPTION:ACTUAL

FRAME OF REF: PART

4. 900+00,

4. 41D+00|

3,920+00)

3, 430+004

2. 94D+00]

2, 45D+00

1. 96D+00

1,470+00)

471.97 Ibm (including breadboards & z stage)
First mode at 40 Hz

9, 80D-01]

4, 90D-01

0, 00D+00l




Tripod Design Iteration

Plate gussets were
added to stiffen bent
joints

Front plate less than
0.5” blocking of

I breadboard




Analysis of New Tripod

Meshed gusset plates
separately
Connected by rigid
clements

Analysis performed

varying | %
] HL I|||‘I'£I‘II.III
Leg thickness e
Gusset thickness / F'
Geometry T
combinations
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I-DEAS Vizualizer
Frams 1 of &

Display 1

Modal

3UB ID=1,MODE=1,F=75.39%HZ2->MODE SHAPE
TITLE = LASER TRIPCD

DISPLACEMENT Magnitude Unawveraged Top shell
Min: 0.00E4+00 in Max: 1.70E+00 in

3UB ID=1,MODE=1,F=75.35%HZ->MODE ZSHAPE

TITLE = LASER TRIPCD

DISPLACEMENT X¥Z Magnitude

Min: 0.00E4+00 in Max: 1.70E+00 in

Part Coordinate System

Frequency: 7.54E+401 H=

t Mode: Swaying 78 Hz
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Summary of Analysis Results

Baseline (1/16" 1/16" Legs + 1/16" Legs + 1/8" Legs +

Legs) 1/8" Legs 3/16" Gusset  1/4" Gusset  3/16" Gusset
Mass (bm)|  471.97 534.43 496.52 504.70 558.97
Mode #
1 39.77 60.39 57.76 58.71 78.40
2 41.00 62.31 63.93 64.70 84.98
3 87.81 109.23 92.09 92.66 112.03
4 102.91 143.72 124.49 126.44 156.18
5 121.12 157.75 132.67 139.12 177.69
6 141.76 217.76 137.94 145.99 179.64
7 166.65 246.62 156.83 158.19 200.99
8 228.80 333.08 160.46 160.68 233.63
9 230.26 339.03 184.82 188.93 256.93
10 231.06 340.48 203.29 292 64 265.52




e Current Design Being Manufactured: 25% Cost Savings
» Material 304SS 4 Inch Diameter Tubing 1/10 Thick

 Weight: 359 lbs (with 100 Ibs budget for optical table)
* First resonant mode: 90Hz




Hardware Delivered Integration Underway
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Tradeoff Between Speed and Position-Error
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Optical Sub System




Design
Optical Configuration

FEL System

Fixed Expl. Fixed Expl.




FEL Vacuum
Line

2=250-400 nm 2=1.0-3.0 um
FSM2
s U]—‘ PMI-IR
PMI1-UV IR-BS —» ISII | Y
BSI-UV romi
FSM2|
\_EU | LBSM-IR
N UV-BS|
Laser Beam
LBSM-UV Enclosure
| H,0-cooled
Beam Dump
HRI-UV HRI-IR
UV Fixed { HR2-UV IR Fixed & HR2-IR
I ey B B
BS2-UV BS2-IR

P1-UV PI-IR
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Pulse Picking
Velocity Compensation
Dynamic Control of Laser Power




Power Selection and Modulation:
EOM Serial Configuration

~1 MHz 1 ps

input 4
EENNEREEENEEE

—> <—1us

Vv Pulse
EOM-1 Extraction

Intensity
Modulation

~| Driver




Power Selection and Modulation:
EOM Serial Configuration

~1 MHz
input
| ]
Tekronix
\%
PS1 AMPLI ] EOM-1
EEa) P

~1 Hz to ~1 MHz
output

Frank.E.Livingston@aero.org

500 fs

— <—lp,s

Pulse
Extraction ‘ | ‘
| | |

Both

Or

Intensity
Modulation
1 I o

Pulse Scripting

Combined with

Repetition Rate-
Velocity Matching



Key Elements of Vision Subsystem

-

CO“XI:Q%TER VIDEO VIDEO

SOFTWARE CAMERAS CAPTURE
ILLUMINATION AUXILIARY

POSITIONS

o . .THE AEROSPACE
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KEY VISION SYSTEM COMPONENTS

Upper Optical Table

Z-Stage Final Alignment Iris
Auxiliary
Position

Leveling
Position

To Quad Splitter

Rotary Stage with
Laser Displacement
Sensor

Rotary Stage with Obj

To Lens Controller SIDE VIEW OF

Camera with
Motorized Zoom
and lllumination

Vacuum Chuck

MICROENGINEERING

Goniometric

STATION

Y-Stage

X-Stage To Fiber
Optic
lluminator

Fina 5 KEY VISION COMPONENTS

Laser Mirror

Granite

From IIl

» To B/W Camera

Revision A - 8-13-02 WWH
Upper Optical Table

Motorized Shuttle

Main Optical Table

Pan and Tilt To Shuttle
Controller

To Pan
and Tilt
Controller

Motorized Zoom
Lens

ToLens
Controller

To Quad Splitte

Granite

Main Optical Table




UPPER OPTICAL BREADBOARD

Upper Optical Table & Vision System

OFF-AXIS BB AL
3 CCD COLOR M'”Of&
(] % CAMERA TEiCANROr Illuminator
x g MODULE Collimating
< [ BB AL Lenses
Z-BOARD N @ M\rror ﬂ ﬂ BB AL
L er beam transistions Mirror
from main table through
this hole
ROTARY STAGE MOICRIED Illcle BBAL
ZOOM LENS /\ Mirror
FIBER OHTIC Motorlzed Iris
CABLI U
Image Focusing
VACUUM CHUCK Lens
Spectral
GONIOMETER BB TUNABLE —D' Filter
DIELECTRIC MIRROR Solenoids
) (IR&UV)
I Polarizer
12x 12 C N Dolarizer
BREADBOARD BE
N/
Mirror Beam %
Y-AXIS STAGE ElEes
Motorized Fiber Optic
Laser beam transistions Zoom Mount
to machining objective through— Lens
this hole
X-AXIS STAGE Picomcior Il
BB Laser
Mirror
W.W.HANSEN
THE AEROSPACE CORP.
2-25-04 .
B/W NIR Video y .
e Fiber Optic

Beam Analyzer Cab':;leotgull.:mp
UPPER OPTICAL BREADBOARD
THE AERGSPACE CORP.

In situ laser beam analyzer for on target laser
spot size and intensity distribution
measurements

FOV 1. 3mm FOV 0. 2mm
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CADCAM




Software Module Sequences
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Conclusions

« Have assembled several test ‘stands and have investigated
design properties of critical subsystems,

* Engineering Model testing underway,
* Hope to Deliver JLAB Unit Spring/Summer 2005




The Co-Orbiting Satellite Assistant (COSA)

Externally-mounted Cannister;

contains command receiver, ejection mechanism, Antenna for comm-link to
GPS receiver, differential GPS transmitter, Earth
solar cells, and secondary battery Thruster Plume

Differential
GPS

Micro-Platform ( ~ 100mm in diameter);
contains GPS receiver, CCD camera,
command receiver, data transmitter,
o micropropulsion, micro GN&C,
52> C&DH, and primary battery

Host Satellite

Henry.Helvajian@aero.org 37
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COSA Observation Trajectories

‘ Orbit Normal

Co-orbital
with Inclination:

Phasing
Orbit

Observation

Observation

ESt = m Av @ Orbiti ¥ Orbit 1
Av = ImN(1s)/0.1Kg I /
Av =0.01m/sec & \J
. . Observation|
Phasing orbit (Av): rbit
- I% impulse: 0.003m/s Ingertion TOTAL Av Mission:
_ 2ndimpulse: 0.003m/s : '
- Total: ~ 8 m/s
- 700kmorbit & U - 7 day mission

. —

Host Velocity




CO-Orbiting Satellite Assistant (COSA)

 Status
—Vehicle design 1s complete
* 9cm dia x 1cm thick
» Total weight 160 gm
e Mission 1 week
 Disposable satellite

—Fabrication to begin in April.




Exposure Time & Required Power: An Illustrative Case Study

For laser wavelength of 355nm, a spot size of 2um and patterning speed of
Imm/sec, A minimum laser irradiance (I) of Imw/um? is needed to obtain the
maximum etch rate (@ 266nm, 1~ 0.2 mw/um? )

Minimum Laser Power for Maximum Chemical Etching Contrast
as a Function of Patterning Velocity

(Laser Spot Size Dia 2 microns. Laser Wavelength 355nm) For 266nm Laser Wavelength
1400 - S S the Required Laser Power i1s a
qg; 120.0 High Precision Motor Drive Motion .

S oo / factor of 5 less, but the
= ' Galvanometer Motion o o
3 < 800 A enetration depth is ~350 um
88 soll—— >/ P p H
e a0
E 20.0 . . Total Exposure Time to Completely "Paint" a 100mm Square
§ 0.0 ‘ RS OIang ‘Flexm?])qve‘n Motion ‘ Sample with 2 Micron Spot Size Resolution
o 10000 20000 30000 40000 (Laser Wavelength 355 nm)
Velocity (mm/sec) 6.000 -
__5.000 -
[72]
§ 4.000 |
° £ 3.000 -
Processing Examples £ 2o
=
Based on Data from 1.000 ~—
0.000 : ‘ T ————+——¢ !
EXlStlng PSGC Matel‘]al 0 2000 4000 6000 8000 10000 12000

Patterning Velocity (mm/sec)
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Manufacturing Type Scenarios
Using Digital Scripted Processing of PSGC Materials
Using a Direct-Write Scheme

microscope

F's fiber laser

Small Intranet Linked Workstations

— Integration of a bench top microscope,
with a nominal XYZ motion system
coupled with a miniature femtosecond
laser for small-scale 3D exposure
patterning.

High Throughput and Very Large Area
Manufacturing Facility.

— Up to KW of UV pulsed laser light,

— With 250W incident UV laser light,
— A processing speed of 10 meters/sec,

— 11 pm diameter spot size,

— A 100 mm square surface is
completely patterned or “painted” in
under 2 minutes.

Electron Laser Processing Facility
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